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RESEARCH MEMORANDUM

AERODYNAMIC CHARACTERISTICS OF A TWO-BLADE
RACA 10(3)(08)-03R PROPEIIER

By Albert J. Evans and ILeland B. Salters, dJr.
SUMMARY

Full-gcale tests have been made in the Langley 16-Foot high—
gpeed tummel to determine the eerocdynemic characteristlcs of the
RACA 10—(3)(08)—03R propeller. The tests on thils propeller were con—
ducted as part of a program to determine the effects of shank deslign
on propeller aerodynamic charascteristics.

The tests were made on a 2000-horsepower dynsmometer over & range
of advance ratlo fram O0.45 to 3.6. The blade—angle range, measured at
the 0.75-radius station, extended from 20° to 50°.

A maximum efficlency of 91.5 percent was attained at 1600 revolu—
tions per mlnute at a blade angle of 30 . Posk efficlency at a blade
angle of 45° was decreased 32 percent by an increase in helical-tip
Mach number from 0,80 to 1.2.

—

INTRODUCTIOR

The NACA has recently completed the major portlon of a general
Investigation of the mutual effects of the propeller deslgn paramsters,
solldity, thickness, and camber and eir campressibility. The serles of
propellers tested embodled systematic varlatlons of blade—section camber,
thickness, blade wldth, ailrfoil sectlon, and shank design. The propellers,
all of 10-foot diamester, were deslgned to have a minimum Induced energy
loss, or Betz loading, at the design operating conditlon.

This papexr presents tho test data obtalned for the
NACA 10—(3) (08)—03R propeller blade which wes one of the blades tested
to determine the effects of shank design. No analysis 1s included of
the data contained hereln in order to permit the earliest possible
publicatlion of tho deta contained 1n thls report.
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2 NACA RM No. IL8E2h-—
APPARATUS

Propeller dynemomster.- The tests were made on a 2000-horsepower
propeller dynamometer in the Langley 16—foot high—speed tunnel. A4
complete description of the dynsmometer 1s contalned in reference 1.

Propeller blades.— The propeller blades are designated the
NACA 10—(3) (08)—O3R design. The digits in the designastion 1ndicate a
10—foot—dlameter propeller wlth a design 1lift coefficient of 0.30, a
gection 8 percent thick, and a solidity of 0.03 per blade at the
0.70—radius stetion. The .R following the designation slgnifies a
propeller blade incorporating a round. ehank. The blades were designed
to have the Betz loadlng for minimum induced energy loss when opsrating
at a blade angle of 45° at-the 0.T70O-—radlus gstation, and as a three—blade
propeller of 10-foot diameter. The Betz loadlng could not be achleved
over the round shanks, but was carried inboard as far as possible, to
approximately the 0.35-radlius statlion. The Betz loading for a three—
blade propeller operating at blade angle of 450 at the 0.70-radius station
is compared with the design loading of the NACA 10—{3)(08)-O3R propeller
in figure 1. The Betz loading curve is taken from reference 2. The
blades were tested as a two—blade ypropeller and blade—form characteristic
curves are presented in figure 2.

E%ﬂja.—-Thrust; torque, and rotatlonal speed were messured at
each 5° increment of blade angle from 20° to 55°, incluasive, measured ab-
the T5-percent (45-inch) radius station. A constant rotational speed

wag used for each test and a range of advance ratioc ({ = g%) was covered

by changing the tunnel airspeed which was varied fram about 60 to 460 miles
per hour. At higher blade angles the dynemometer could not deliver
sufficient torque to cover the complete renge of advance ratlio at the
higher rotational speeds and for this reason the lower rotatlonsl speeds
were used for the higher blade angles. i '

Addlitional tests were made at constant high value of tunnel alrspeed
and varleble rotational gpeeds in order to externd the tip Mach number
renge of the tests at a blade angle of 45°.

All tests were run over a range of advance ratlo to determine
propeller performance from maxlimum efficlency to zero torgque.

A chart of the testing program ls presented 1in table I.

-REDUCTION OF DATA

The test results corrected for tumnel-wall interference and spinner .
force are presented in the form of the usual thrust and power coefficients
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and propeller efficiency. A complete descrition of the methods used to
dotermine the propeller coefficlemts 1s gliven In reference 1. The symbols
and definitions used throughout this report are as follows:

b

C 14
Cr

mqewwwznfzqwu

K-

blade chord, feet

deslign 1ift coefflclent

power coefficlent ( P )

en3p?

T
thrust coefflclent )
=

propeller diamster, feet

blade—section maximm thickness, feet

advance ratio (n%)

free—stream Mach number

helical~tip Mach rumber Qq/l + @)2>

propeller rotational speed, revolutlons per second
propellier rotational speed, revolutions per minutbe
power sbsorbed by propeller, foot—pounds per second
radiuvs to a blade element, feet

propeller~tip radius, feet

propeller thrust, pounds

free—stream velocity, feet per secomnd

blade angle, degrees
propeller efflcilency <%J>

mags density of alr in free stream, slugs per cublc foot

' RESULTS

Faired curves of thrust coefflclent, power coefflclent, and propellier

efflciency plotted against advance ratio are presented In flgures 3 to 10.
Test points are shown on the flgures glving thrust and power coefficient.
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Shown on the propeller—efficlency curves are plote of the air-stream
Mach number together with the hellical—tip Mach mumber. The discontinuities
in the Mach mumber curves, when plotted agalnst advance ratio at constant
rotational speed, are caused by changes in the alr temperature In the
tunnel hetween tests. The values of Mach number and helical—tip Mach
nunber shown for the propeller data In this report are the true Mach
nutbere at which the data were obtalned.

Envelope—efficlency curves plotted against advance ratio are presented
In figure 11 for five rotational speeds. The Induced efficlency of a
frictionless propeller with a Betz loading operating at the same values
of power coefficlent as the NACA 10-(3)(08)-03R propeller at 1350 revolu—
tions per minute 1g alsc shown on figure 11. The difference between the
envelope curve for the NACA 10-(3)(08)-03R propeller at 1350 revolutlons
por minute and the induced—efficiency curve is the loss in efficiency
due to the profile drag of the sectlions plus the loss due to the
unfavorable loading over the inboard sections of a round—shenk propeller.
The induced effliclency was obtained from charte Iin reference 3.

Figure lé presents the values of maximm efficlency attainable in
. the tests for several blade angles plotted against propeller tip
Mach number.

Langley Aeronautical Laboratory
Natlonal Advisory Committee for Aeronautics
Langley Fleld, Va.
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TARLE I
Figure | Tumel speed. Prﬁizelier Blade anglez degi &t 0.T2R
(xpm)
3 Variable 1140 35|40 |45150 |55
L Variable 1350 20 | 25 [30 (35 [ko k5|50
5 Variable . 1600 20 | 25(30(35|40 |45
6 Variable 2000 20 | 25 30|35
7 Variable 2160 20 {2530
8 Variable 1500 45
9(a) M = 0.56 Varisble 45
9(Dp) M = 0.60 Varieble L5
9(c) M= 0.65 Variable 45
10 M = 0.65 Variable 50
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Blade width ratio, b/D
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Figure 2.~ Blade-form curves for NACA 10-(3)(08)-03R propeller.
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Figure 3.- Characteristics of NACA 10-(3) (08) -03R propeller at 1140 reveluticns per minute.
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Figure 3.- Concluded, 1140 revolutions per minute.
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Figure 4.- Continued. 1350 revolutions per minute.
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Thrust coefficient, Cr
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Figure 5.- Characteristics of NACA 10-(3)(08)-03R propeller at 1600 revolutions per minute,
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Thrust coefficient, Gy, and power coefficient, Cp
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